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SOILLESS GARDENING 


This unit of THINGS of science con¬ 
tains tomato and marigold seeds and the 
chemicals, potassium acid phosphate, cal¬ 
cium nitrate, magnesium sulfate and 
ferrous sulfate, materials to be used in 
experiments in soilless gardening. 

Growing plants without soil, also re¬ 
ferred to as water culture or hydroponics, 
has been known for more than a hundred 
years. However, it was Dr. W. F. Gericke 
of California who in 1929 first brought 
this knowledge out of the laboratory and 
showed that the chemical culture of plants 
could be applied for commercial purposes 
as well as by the home gardener. 

Since that time soilless culture of 
plants, or hydroponics as Dr. Gericke 
named it, has become widespread, and it 
has been especially helpful in countries 
where the production of certain vegeta¬ 
bles is otherwise limited because of the 
nature of the soil or other agricultural 
problems. 

Plants like humans must have certain 
foods in order to grow properly. Ordinar¬ 
ily, they obtain their needs from the soil 
and the surrounding air, and with the 
help of the light from the sun, they man¬ 
ufacture sugars, starches, proteins and 
other components essential for their life 
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processes. 

However, it has been found that it is 
not the soil itself, but the chemicals in the 
soil that are responsible for the growth 
of plants. 

Plants to a great extent reflect their en¬ 
vironment. Their growth and develop¬ 
ment depend on the combined action of 
light, temperature, moisture and minerals 
present in their immediate surroundings. 

In soilless gardening we provide only 
the minerals and water requirements of 
the plant and assume that air, light and 
temperature are present in adequate 
amounts. Plants raised by soilless garden¬ 
ing, therefore, do not necessarily grow 
better or larger or produce more vegeta¬ 
bles than those grown in soil, merely be¬ 
cause the chemicals are supplied them, 
unless, of course, the soil is poor and 
lacks certain vital elements. 

Water culture, because it allows you 
to control the quantity of elements fed to 
the plant makes it possible to consistently 
produce a good crop anywhere and at 
any time of year. The fact that you can 
regulate the food given to plants provides 
an opportunity also to do many interest¬ 
ing experiments. 

The materials in this unit will enable 
you to study various methods of soilless 
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agriculture and observe some of the ef¬ 
fects of mineral deficiency. 

First examine your specimens. 

CALCIUM NITRATE—Ca(NO«) 2 ; 
white opaque flakes in blue-striped bag; 
supplies calcium and nitrogen. 

POTASSIUM ACID PHOSPHATE— 
KH 2 P0 4 ; fine white crystals in 3 X 3- 
inch bag; looks like sugar; supplies potas¬ 
sium and phosphorus. 

MAGNESIUM SULFATE—MgS0 4 ; 
large clear glassy crystals in 3 X 4-inch 
bag; supplies magnesium and sulfur. 

FERROUS SULFATE—FeS0 4 ; fine 
green powder in 2 X 3-inch bag; supplies 
iron and sulfur. 

TOMATO SEEDS—Jefferson variety; 
bears fairly large fruit. 

MARIGOLD SEEDS—Petite variety; 
mixed colors. 

pH INDICATOR—Two-inch strip of 
indicator paper to test the acidity of nu¬ 
trient solution. 

Various size containers and flower pots 
will be needed. 

NEEDS OF PLANTS 

As most of you have observed, the 
main parts of a plant are its roots, stem, 
leaf and flower. Each of these parts is 
made up of tiny cells which vary accord- 
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ing to the function they perform. 

The cell is the basic structure of a 
plant. It consists of a cell wall of cellulose 
enclosing a jelly-like substance called pro¬ 
toplasm. Protoplasm is a protein and is 
the living part of the plant. All life 
processes begin within it. It contains im¬ 
portant ingredients such as minerals, 
carbohydrates, fats, proteins and water 
necessary to the life of a plant. 

The roots of a plant absorb minerals 
and water from the soil and the stem 
transports these substances to the leaves 
which then utilize them to manufacture 
food materials. The leaves are actually 
chemical factories. They take the miner¬ 
als and water absorbed from the soil and 
carbon dioxide obtained from the air and 
combine them to produce the many com¬ 
plex chemical compounds necessary for 
plant development and growth. 

Chlorophyll and the light from the sun 
are both important agents in these proc¬ 
esses. Chlorophyll is a complex organic 
compound containing nitrogen, magne¬ 
sium, carbon, hydrogen and oxygen and 
is found only in green leaves. 

The flower is the reproductive part of 
the plant and its organs produce the seeds 
which guarantee the survival of the plant 
species and also provide us with many 
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fruits and vegetables. 

Certain elements are essential for a 
plant to grow properly to maturity. Six 
of these are needed in fairly large quan¬ 
tity and are known as the major or macro 
elements. They are nitrogen, potassium, 
magnesium, phosphorus, calcium and sul¬ 
fur. 

In addition to these, small quantities of 
"trace” elements, iron, manganese, boron, 
copper, zinc and molybdenum are also 
necessary. These are referred to as the 
minor or micro elements. 

Experiment 1 . Check your chemicals 
and note that they contain all the major 
elements and iron of the minor elements. 
Since these chemicals are of technical or 
industrial grade, the other essential trace 
elements should be present in sufficient 
amount for your plant needs. 

These chemicals were chosen to supply 
the elements because they are easily sol- 
ble in water and readily available. There 
are other compounds that can also be used 
to supply the necessary elements. (For in¬ 
formation on this note references at the 
end of this booklet). 

Each of the above major and minor 
elements has a definite function in plant 
growth and development. Some are pres¬ 
ent throughout the plant and others in 
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specific areas of the plant. 

In order that any of these elements may 
be useful to a plant by absorption through 
the roots, they must first be dissolved in 
water, and also, oxygen must be present 
around the root area. 

Below is a brief outline of the function 
of each of these elements. 

Nitrogen, or N in chemical shorthand, 
is present in all proteins including proto¬ 
plasm. It occurs throughout the entire 
plant and is present in all seeds. It is es¬ 
sential for leaf and stem growth and for 
the production of chlorophyll and other 
complex products such as pigments. 

The presence of potassium, K, is essen¬ 
tial for many of the chemical reactions 
that take place in the plant although it 
does not combine chemically with any of 
the compounds making up the plant tis¬ 
sue. It is found throughout the plant but 
is concentrated in areas where there is 
greater growth activity such as in devel¬ 
oping fruits and leaves. 

The main function of magnesium, Mg, 
is as a component of chlorophyll which 
gives the green color to leaves. Because 
of this and the part chlorophyll plays in 
photosynthesis, it influences the whole 
development of the plant. 

Phosphorus, P, is combined in many of 
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the proteins of the protoplasm, and in the 
proteins of the nucleus of the cell in par¬ 
ticular. It is therefore important in many 
vital activities of the plant including cell 
division and respiration. It is present in 
greatest amount in seeds and fruits and 
growing tissues. 

Calcium, Ca, is necessary for the forma¬ 
tion of cell walls and its primary function 
is as a structural material for plants. It 
also influences the absorption of nutrient 
materials. 

Sulfur, S, found throughout the plant, 
is an important component of proteins. 
It is believed to be important in the for¬ 
mation of chlorophyll. 

Iron, Fe, is essential for the formation 
of chlorophyll although it is not a con¬ 
stituent of it. 

Manganese, Mn, is necessary for the 
assimilation of nitrogen by the plant and 
for cell respiration. It is found in greatest 
concentration in leaves and other areas 
of high cell activity. 

Boron, B, is distributed throughout the 
plant but is found in greatest abundance 
in the leaves. It acts as an agent for stim¬ 
ulating plant growth. 

Copper, Cu, is believed to take part in 
chlorophyll production, but its function 
is still not clear. 
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Zinc, Zn, is an essential element, but 
what part it plays in plant growth is not 
yet known. 

Molybdenum, Mb, is also believed es¬ 
sential although its role is not yet defin¬ 
itely known. 

PLANTING THE SEED 

Ordinarily chemical nutrients are not 
used on plants until they are about an 
inch tall and have the first true leaves. 
Seeds contain enough food materials for 
the first growth of plants. 

Experiment 2. First plant your seeds 
in a pot or other container. Fill a large 
pot or planting tray within one inch of 
the top with a growing medium such as 
vermiculite or washed sand. Place a dozen 
or so tomato seeds spaced an inch or two 
apart on top of the medium. Cover the 
seeds with one-forth inch of the vermicu¬ 
lite or sand. Wet well with tap water. Do 
not use too much water. Keep the plant¬ 
ing medium damp but not soggy. If the 
seeds become waterlogged they will die 
because sufficient oxygen will not be able 
to reach them. 

As the seedlings grow see that they get 
plenty of sunlight. 

Experiment 3. Sow marigold seeds 
in another container in the same way. 
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PREPARE YOUR SOLUTION 

Experiment 4. The chemicals in this 
unit are sufficient to make about 8 gal¬ 
lons of solution. 

The formula used here is just one of 
many that may be prepared for soilless 
gardening. Since plants usually absorb 
only what they need, an excess of the ele¬ 
ments within reason will have no bad 
effect on the plants. 

The important point, however, is to 
keep a proper mineral balance. Many ele¬ 
ments become poisonous to the plant if 
certain other elements are not present in 
sufficient quantity. 

To mix your solutions use either glass 
or porcelain containers, or other contain¬ 
ers made of inert material. Metal will 
react with the chemicals and spoil the 
solution. 

You may wish to mix all your solution 
at one time or make up smaller quantities 
so read the rest of these instructions be¬ 
fore starting. 

If you plan to use all the chemicals, 
dissolve each of them except for the fer¬ 
rous sulfate in separate jars. Dissolve the 
calcium nitrate in one pint of water and 
the magnesium sulfate and potassium 
acid phosphate in one cup (or one-half 
pint) of water each. 
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Label each jar with the chemical as you 
go along so that you will not get them 
mixed up. 

These jars of solution will be your 
stock solutions. The stock solutions will 
have to be diluted for use. 

To make 1 gallon, or 4 quarts of solu¬ 
tion, place 3 quarts plus 3 Vi cups water in 
a large container, then add from the stock 
solutions in this order: l /s cup of mag¬ 
nesium sulfate, Vs cup of potassium acid 
phosphate and mix well. Then add *4 
cup of calcium nitrate and stir. Added in 
this order, there is less chance of calcium 
combining with the sulfate and forming 
the insoluble precipitate calcium sulfate. 
The potassium acid phosphate helps pre¬ 
vent the precipitation. 

Just before you use your mixed nutri¬ 
ent solution add a small pinch of dry fer¬ 
rous sulfate and stir to dissolve. 

The ferrous sulfate is added just before 
the nutrient solution is used because it 
oxidizes and precipitates out in the pres¬ 
ence of phosphate. 

To make smaller quantities of stock 
solution, mix a proportionate amount of 
each of the chemicals and a proportion¬ 
ate amount of water for each. For exam¬ 
ple, if you wish to make half the amount 
of stock solution, divide each of the three 
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chemicals into two equal parts and add 
half the amount of water. The concentra¬ 
tion of the stock solution will be the same. 
To use the solution, dilute as before. 

Experiment 5. The acidity of the so¬ 
lution is very important since most plants 
thrive in a slightly acid environment. The 
acidity is usually measured in pH which 
is a means for expressing the degree of 
acidity or alkalinity of a solution. The pH 
scale ranges from 0 to 14. Water has a 
pH of 7 and is neutral. Any solution that 
has a pH of less than 7 is acid. If the pH 
is greater than 7, then the solution is alka¬ 
line. The stronger the acidity the lower 
the pH and the stronger the base, the 
higher the pH. 

The pH of your solution should be be¬ 
tween 5 and 6.8, or slightly acid for best 
growth of plants. 

The pH indicator paper shows a color 
range from yellow to red in acid solution 
but turns purple in an alkaline solution. 
When yellow the pH is from 5 to 5.4; if 
pinkish red the pH is about 6; when deep 
red it is about 6.8. 

Cut a half-inch length off the pH paper 
and dip it in the mixed nutrient solution. 
What color do you obtain? Your solution 
should be acid. 

There are several methods of growing 
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plants without soil. The main types of 
soilless gardening that can be applied in 
the home are water, sand and gravel cul¬ 
tures. 


WATER CULTURE 

In water culture, the solution alone is 
used. 

Experiment 6. Obtain any type of 
container suitable for growing plants 
made of inert materials such as glass or 
porcelain. Mason jars or small fish bowls 
are very suitable. Do not use metal con¬ 
tainers. 

If the container is transparent, cover 
it with aluminum foil or opaque paper 
to keep out the light. The roots must be 
kept in darkness to prevent the growth 
of green algae and other small water 
plants in the nutrient solution. These tiny 
plants which grow in light interfere with 
the growth of plants by using up the 
oxygen. 

Fill the jar with nutrient solution up 
to half an inch from the top. Almost any 
material may be used to support the 
plant, except metal. If you wish to use 
chicken wire or other wire mesh you will 
have to paint it with asphalt to prevent 
the metal from reacting with the solution. 

If the mouth of the jar is small, you 
can use a cork perforated with a single 
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hole and a wad of non-absorbent cotton 
to support the stem. Be sure the roots 
extend into the solution. 

For wider mouthed jars plastic tops 
like those that come on coffee cans may 
be used. Cut several holes V^-inch in di¬ 
ameter in the plastic top. Insert the seed¬ 
ling in one of the holes and support with 
a small piece of cotton. Other materials 
such as soft muslin, cheesecloth or glass 
wool may also be used to support the 
plant (Fig. 1). 



To remove the plant from vermiculite 
or sand, use a small sharpened flat wooden 
stick or similar non-metal tool to loosen 
the material around the roots. Do this 
gently being careful not to injure the roots. 
Grasp the seedling lightly with the fingers 
and lift the plant roots and all with the 
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aid of the stick. 

After transplanting, check to see that 
the roots extend down into the solution. 

Roots of plants need air as well as other 
nutrients. Oxygen must be present for the 
absorption of the minerals. The air space 
between the level of the solution and the 
support helps furnish this. As the plant 
grows it will require more air and the 
space should be gradually increased to at 
least two inches. 

To provide sufficient oxygen as the 
roots grow you should also aerate the so¬ 
lution at least once a day. The simplest 
way to accomplish this is to attach a 
piece of rubber tubing to a rubber bulb 
and insert the free end of the tubing into 
the solution. Press the bulb to force air 
into the solution. A rubber bulb from an 
atomizer works ideally. 

If a rubber bulb is not available, pour 
the solution into a large jar and shake it 
thoroughly once a day. Do not allow the 
roots to become dry while you are doing 
this. 

You should change the nutrient solu¬ 
tion about once a week to provide suf¬ 
ficient elements continuously. You can do 
this very easily by preparing a jar of fresh 
solution and transferring the plant, sup¬ 
port and all, to this jar in one operation. 
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Discard the used solution. 

Be sure that the plant receives plenty 
of sunshine and sufficient warmth. 

As the plants grow larger, it may be 
necessary to provide them with additional 
support. 

SAND CULTURE 

For sand culture the same nutrient so¬ 
lution is used but sand is provided as a 
support for the plant. 

Experiment 7. Obtain a flowerpot 
about eight inches deep with a hole at the 
bottom for drainage. 

Fill it with about six inches of clean 
washed sand. An inert substance such as 
vermiculite or glass wool may be substi¬ 
tuted for the sand. 

Transplant the seedling from the orig¬ 
inal bed to the pot filled with moistened 
sand. Do this carefully so that you will 
not injure the roots. 

Place the flowerpot about an inch or 
two above a tray or bowl to catch the 
drainage. 

The drained solution may be reused 
for about a week. 

There are several methods used in sand 
culture. The simplest method is known as 
slop culture in which the nutrient is ap¬ 
plied on the surface. 

Experiment 8. To use this method, 
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pour the solution on the surface of the 
sand several times a day. The sand must 
be kept moist at all times. Be sure there 
is proper drainage of the solution from 
the bottom. If the solution does not drain 
from the bottom, the roots will become 
waterlogged and the plant may die. 
(Fig. 2). 



Experiment 9. The second procedure 
is the drip method. The solution is ap¬ 
plied by continuous dripping from a tube. 

You can make a very satisfactory auto¬ 
matic system for dripping the solution. 
Place the pots with the plants into wide¬ 
mouthed jars or suspend over bowls to 
catch the drainage. Fill a wide-mouthed 
jar, such as a mayonnaise jar with nutri¬ 
ent solution and invert it over a saucer 
or shallow dish. Raise the jar a little and 
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slip match sticks or toothpicks under the 

iip. 

Place this jar and saucer on a support 
above the level of the pot containing the 
plant. A rubber tube, bent glass or plas¬ 
tic straw can be used to siphon the solu¬ 
tion onto the surface of the sand in the 
pot. Adjust the siphon so that the solu¬ 
tion flows at a rate of about three drops 
a minute. The solution must drip con¬ 
tinuously day and night. (Fig. 3). 



For proper drainage be sure that there 
is sufficient space between the pot and the 
level of the drained solution. 

The solution should be changed about 
once a week. At this time the sand should 
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be flushed out with plain water to wash 
out the accumulated salts. Discard this 
wash water as well as the used solution. 

In sand culture aeration is automatic. 
As the solution passes down through the 
sand air fills up the spaces behind the 
receding fluid. 

Be sure that the sand is not too wet. 

Experiment 10. The dry salt method 
is another way to raise plants by sand 
culture. The nutrient salts are mixed and 
applied like fertilizer in dry form to the 
surface of the sand. The plant is then 
watered. Drainage here is also important. 

Mix proportionate amounts of your 
salts for this method. You must be care¬ 
ful not to apply too much chemical at a 
time. 

GRAVEL CULTURE 

In gravel culture the nutrient is fed 
from beneath the medium or a system of 
subirrigation is used. 

This method is a little more compli¬ 
cated (Fig. 4). 

Experiment 11 . Obtain a good-sized 
flowerpot and place a one-hole cork or 
rubber stopper in the hole at the bottom. 
Then fill the pot with fine gravel to 
within a quarter of an inch from the top. 

The gravel should be washed and 
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passed through a 14-inch mesh wire 
screen before use. 

Cinders may be used instead of gravel. 
However, some cinders, depending upon 
their composition are fairly alkaline. You 
must be careful not to select a medium 
that is alkaline or you will upset the acid¬ 
ity of your solution. Remember that your 
solution must be slightly acid. 



Place a small piece of glass or plastic 
tubing through the stopper and to this 
attach a rubber tubing about three feet 
long. 

You will need a container that is large 
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enough to hold sufficient solution to fill 
the flowerpot one-third full. A plastic bot¬ 
tle or bucket will serve this purpose, or a 
glass funnel. 

If you use a plastic container, cut a hole 
in the bottom and seal the free end of the 
rubber tubing into this hole. Be sure the 
seal is watertight. 

Plant the seedling in the gravel and 
then fill the plastic container with solu¬ 
tion. Lift the container above the flower¬ 
pot so that the solution will flood the 
gravel. Then lower the container to a po¬ 
sition below the pot so that the solution 
will flow down out of the pot back into 
the container. Do this two or three times 
a day. The gravel should be kept moist. 

You should change the nutrient solu¬ 
tion about once a week. At this time the 
gravel should be washed with clean water 
to flush out the accumulated chemicals. 

Vermiculite may be used instead of 
gravel. However, if vermiculite is used, 
place a plastic or glass cap perforated 
with small holes over the stopper hole to 
prevent the vermiculite from entering 
and clogging the hole. The top of a salt 
shaker can be used for this. 

As with sand culture, aeration in gravel 
culture is automatic. As the solution 
floods the gravel, it drives out the air and 
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then as it runs out again it pulls the fresh 
air behind it into the gravel. 

PLANT GROWTH 

Experiment 12. As your plants grow 
watch them to determine if they are get¬ 
ting a balanced diet. 

The plants themselves are the best in¬ 
dicators of whether they are being prop¬ 
erly fed or not. 

Watch for these signs and adjust your 
nutrient solution accordingly. 

If nitrogen is deficient, the leaves turn 
yellow and may die. The plants do not 
grow to full size and the leaves are small. 
Any deficiency in nitrogen shows up very 
quickly. 

When phosphorus is insufficient the 
margins of the leaves become yellow and 
the leaves die and drop off from the bot¬ 
tom of the plant. The maturity of the 
plant is delayed and seeds do not form. 

The leaves appear scorched or mottled 
when potassium is lacking and their mar¬ 
gins turn yellow, then brown. 

If the leaves except for the veins turn 
yellow and become puckered, then mag¬ 
nesium is lacking. Magnesium deficiency 
also causes the plant to be stunted in 
growth. 

When calcium is insufficient tips of the 
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top leaves die and growth is stopped. 
Nearly all the feeding roots die. 

A deficiency of sulfur does not mani¬ 
fest itself as early in plant life as do other 
deficiencies. Late in the growth period the 
plants do not attain normal size and the 
roots do not develop properly. 

When iron is missing yellowing of the 
leaves at the top of the plant occurs and 
a browning of the leaves from the tips 
and margins inward is observed. Since 
iron is closely related to the formation of 
chlorophyll, its lack in the plants diet 
shows up very early, the leaves and stems 
becoming bleached. The growth rate of 
the plant is also reduced. 

If iron is added soon after the defi¬ 
ciency becomes evident, then leaf color 
will be restored. But if the leaves become 
very bleached, the plant cannot manufac¬ 
ture the food necessary for root develop¬ 
ment and the whole plant will be affected. 

NUTRIENT DEFICIENCY 

You can create deficiencies of certain 
elements in the solution you feed your 
plants. 

For these experiments the tomato plant 
will show best results. 

Experiment 13. Grow several to¬ 
mato seedlings in the complete nutrient 
solution for several days. Then transplant 
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one of them to a solution containing no 
iron sulfate. 

Watch the growth of this plant and 
note when you observe the first signs of 
iron deficiency. What symptoms do you 
observe? 

Record your observations in a note¬ 
book. 

Compare the growth of this plant with 
plants receiving a complete diet. 

Experiment 14. Feed another tomato 
plant with the iron deficient solution. 
After the deficiency signs appear, give 
this plant some iron sulfate. Does the 
plant revive and do the leaves turn green 
again? 

Experiment 15. Eliminate magnes¬ 
ium sulfate from the solution. Record 
your observations. 

Experiment 16. What happens to 
the plant when both iron sulfate and mag¬ 
nesium sulfate are omitted from the 
solution? 

Experiment 17. What happens when 
the calium nitrate is eliminated from the 
solution fed to a plant? Since nitrogen de¬ 
ficiency shows up sooner than calcium 
deficiency, the first changes observed can 
be attributed to the lack of nitrogen. Do 
the leaves turn yellow? 

Experiment 18. Leave out the potas- 
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sium phosphate and feed the solution to 
another plant. You can observe the effects 
of potassium deficiency by this means be¬ 
cause they appear sooner than the changes 
due to a lack in phosphorus. 

For optional Experiments 19 and 20 
you will need to purchase potassium 
nitrate. 

Experiment 19. To observe the ef¬ 
fects of phosphorus deficiency, omit the 
potassium acid phosphate and add a small 
amount of potassium nitrate. 

Experiment 20. To show the effects 
of calcium deficiency, substitute potas¬ 
sium nitrate for the calcium nitrate. 

SOIL CULTURE 

Experiment 21. Compare plants 
grown in complete nutrient solution with 
plants grown in soil under the same en¬ 
vironmental conditions. What, if any dif¬ 
ferences do you find? 

Experiment 22. You may wish to 
transplant some of your seedlings to your 
garden. If so, they should not be placed 
out-of-doors until the temperature is warm 
enough to avoid frost-kill. 

By observing the results of the experi¬ 
ments in this unit you have obtained 
some understanding of the basic principles 
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of soilless gardening and the importance 
of certain elements in the growth and 
development of plants. 

For more refined detailed studies, you 
will need purified salts, distilled water and 
trace elements, all of which must be pre¬ 
cisely weighed and measured. 

If you wish to study the subject further, 
there are many good books on soilless 
garden.ng, some of which are listed below. 
Also, you may write to the U. S. Depart¬ 
ment of Agriculture, Agricultural Research 
Service, Beltsville, Md., for their pamphlet 
cn soilless gardening. 

Soilless Growth of Plants, Ellis and 
Swaney, Eastwood (2nd Ed.), Reinhold 
Publishing Corp., New York (1947) 

The Complete Guide to Soilless Gar¬ 
dening, William F. Gericke, Prentice- 
Hall, Inc., New York (1940) 

Profitable Growirig Without Soil, H. F. 
Hollis, English Universities Press, Ltd., 
London, England (1964) 

Growing Plants Without Soil, Dr. R. 
Matlin, Chemical Publishing Co., Inc., 
New York (1939) 
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Successful Gardening Without Soil, C. 
E. Ticquet, Chemical Publishing Co., Inc., 
New York (1956) 

Appreciation is expressed to Dr. Neil 
W. Stuart, U. S. Department of Agricul¬ 
ture, Beltsville, Md., for reviewing this 
booklet and for his helpful suggestions. 
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